Hybrid carcinomas of the salivary gland are a recently defined and rare tumor entity, consisting of two histologically distinct types of carcinoma within the same topographic area. In this study, we examined nine such cases, which mainly arose in the parotid gland (seven cases), with an additional one each from submandibular and lacrimal glands, and analyzed their clinicopathologic profiles, including immunohistochemical features and p53 gene alterations. The prevalence of hybrid carcinomas was 0.4% among the 1863 cases of parotid gland tumors in our series. The nine patients comprised five men and four women, ranging in age from 40 to 81 years (mean, 62 y). Tumor size ranged from 2 to 10 cm (mean, 4.2 cm). Of the seven patients who were followed up, two were alive with disease and five were alive with no evidence of disease, although the follow-up period was short. Three cases had cervical lymph nodal metastases. The combinations of carcinoma components in our hybrid carcinomas were as follows: epithelial-myoepithelial carcinoma and basal cell adenocarcinoma in two cases, epithelial-myoepithelial carcinoma and squamous cell carcinoma in one case, salivary duct carcinoma and adenoid cystic carcinoma in two cases, myoepithelial carcinoma and salivary duct carcinoma in one, acinic cell carcinoma and salivary duct carcinoma in one, and squamous cell carcinoma and salivary duct carcinoma in two. Although the proportion of each carcinoma component in a tumor mass varied from case to case, the minor component always represented >10% of the area. Differences in cellular composition were studied by immunohistochemistry and electron microscopy. The Ki-67-labeling index apparently differed between the two carcinoma elements in five cases. Diffusely positive p53 immunoreactivity was observed in four cases, restricted to the more aggressive component in each pair. Furthermore, p53 gene alteration analysis of these p53-positive cases revealed that all and three cases demonstrated loss of heterozygosity at p53 microsatellite loci and p53 gene point mutations, respectively, which were detected only in the p53-immunoreactive carcinoma component. Therefore, there is the possibility that such molecular-genetic events take an integral part for inducing the transformation from histologically lower to higher grade tumor during the hybrid carcinoma genesis of the salivary glands.
nomas (5, (7) (8) (9) (10) . It has been postulated that the two tumor components have an identical origin because of the consistent presence of a transitional feature between the two (1, 5) . Because hybrid carcinomas arising in the salivary glands are rare, their clinicopathologic and immunohistochemical characteristics have not yet been well defined. Furthermore, the molecular-genetic changes involved in the pathway of transition between the two carcinoma components are also unknown.
In this study, we document the clinicopathologic and immunohistochemical findings in nine cases of hybrid carcinoma arising in the salivary glands. Additionally, we also analyzed p53 gene alterations separately in each tumor element. To our knowledge, this is the first molecular-genetic assessment of hybrid carcinomas arising in the salivary glands.
MATERIALS AND METHODS

Case Selection and Tissue Preparation
We examined nine cases that fulfilled the criteria for hybrid carcinoma defined by Seifert and Donath (1) . Seven cases arose in the parotid glands; these were detected among 1863 surgically resected primary parotid gland tumors appearing in the files of Chiba University Hospital and other hospitals in Japan between 1953 and 2000. One case each arose in the right submandibular and the right lacrimal gland. Several-step tissue sections were fixed in 10% buffered formalin and processed by routine histologic techniques, including periodic acidSchiff, Alcian blue, and mucicarmine. For electron microscopy, in one case, the material was fixed in 2.5% glutaraldehyde in phosphate buffer at 4°C, postfixed in 1% osmium tetroxide, and embedded in Epon-812. Ultrathin sections were stained with lead citrate and examined in a JEM-1200EX electron microscope (JEOL, Tokyo, Japan).
Immunohistochemistry
The deparaffinized and rehydrated slides were boiled in 10 mM citrate buffer (pH 6.0) for 10 minutes in an autoclave at 121°C. After being cooled for 30 minutes, they were incubated with the primary antibody for 1 hour at room temperature. The primary antibodies used in this study are listed in Table 1 . A labeled streptavidin-biotin peroxidase method (LSAB Kit; DAKO, Glostrup, Denmark) was used for detection, employing 3,3'-diaminobenzidine as the chromogen. The sections were slightly counterstained with hematoxylin. Normal salivary gland tissue adjacent to the tumor was used as a control. A case was considered to be positive for p53 when Ͼ10% of tumor cell nuclei showed diffuse, strong staining. The cases were regarded as positive for c-erbB-2 and epidermal growth factor receptor when intensely positive staining of the cell membrane was seen in Ͼ10% of tumor cells. The percentage of Ki-67-positive cells was determined by counting Ͼ1000 tumor cells and then recorded as the Ki-67 labeling index (LI).
Molecular Analysis
DNA was carefully extracted from the paraffinembedded sections of two histologically different tumor components and normal tissues in each case by the microdissection method. The primer sequences for PCR amplification are listed in Table 2 . Forward primers of TP53 locus and a variable tandem repeat (VNTR) section in p53 intron 1 were labeled with 6-FAM for loss of heterozygosity (LOH) analysis. LOH analysis was performed with a fluorescence-based microsatellite PCR technique using an ABI PRISM 310 Genetic Analyzer (Perkin Elmer, Foster City, CA) and Gene Scan 2.01 software (Perkin Elmer). The ratios of the normal and tumor allele peak areas were compared for LOH assessment. A change in the ratio of Ͼ50% indicated the loss of one allele in the carcinoma DNA (11) . Mutational analysis was performed for p53 exon 5-8 by direct DNA sequencing. The DNA was sequenced with a dRhodamine Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer) and an ABI PRISM 310 Genetic Analyzer (Perkin Elmer). 
RESULTS
The prevalence of hybrid carcinomas was 0.4% among 1863 cases of parotid gland tumors in our series. The clinicopathologic features of the hybrid carcinomas are summarized in Table 3 . The 9 patients comprised 5 men and 4 women, ranging in age from 40 to 81 years (mean, 62 y). Tumor size ranged from 2 to 10 cm (mean, 4.2 cm). In terms of tumor location, most hybrid carcinomas (seven cases) arose in the parotid gland. Of the seven patients who were followed up (duration of follow-up, 4 mo to 15 y), two were alive with disease and five were alive with no evidence of disease. Three cases had cervical lymph nodal metastases.
Microscopically, all cases of hybrid carcinoma showed a single tumor mass consisting of two distinct histological types with invasion into the surrounding salivary or lacrimal gland tissue.
In Cases 1 and 2, the tumor was composed of epithelial-myoepithelial carcinoma (Fig. 1A) and the solid type of basal cell adenocarcinoma (Fig.  1B) , of which the proportion between the former and the latter was 70 and 30% in Case 1 and 60 and 40% in Case 2. Case 3 had a tumor consisting of epithelial-myoepithelial carcinoma and squamous cell carcinoma (Fig. 1C) , in the proportions of 60 and 40%, respectively. In these three cases, the epithelial-myoepithelial carcinoma component showed a multilobular pattern of ductlike structures surrounded by clear cells. The ductlike structures consisted of cuboidal epithelial cells with dark cytoplasm. The clear cells were large and had irregular nuclei. The basal cell adenocarcinoma component was composed of solid nests of relatively monomorphic atypical basaloid cells showing an apparent peripheral palisading arrangement. No cribriform pattern with pseudocyst formation was observed. The squamous cell carcinoma component showed keratinization with cancer pearl formation; no mucinous cells could be demonstrated by periodic acid-Schiff, Alcian blue, and mucicarmine stainings.
In Cases 4 to 9, the hybrid carcinomas consisted of a combination of salivary duct carcinoma ( Fig Table 3 ). Salivary duct carcinoma was characterized by many distended, ductlike structures filled with atypical cells with eosinophilic cytoplasm and Although two distinct carcinoma components could be recognized in all of these cases of hybrid carcinoma, a transitional zone between them was always present (Fig. 2G) . Only one of the two hybrid carcinoma components metastasized to the cervical lymph nodes in Cases 5 (salivary duct carcinoma) and 6 (myoepithelial carcinoma; Fig. 2H ), and both components metastasized in Case 8.
The results of immunohistochemical staining of these hybrid carcinomas are presented in Table 4 . In epithelial-myoepithelial carcinoma, the inner ductlike cells were intensely positive for cytokeratin (AE1/AE3, CAM 5.2), whereas the outer clear cells were immunoreactive for ␣-smooth muscle actin (SMA; Fig. 3A) , vimentin, and S-100 protein. On the other hand, in basal cell adenocarcinoma, cytokeratin (AE1/AE3, CAM 5.2) was diffusely positive and ␣-SMA-, vimentin-and S-100 protein-positive cells tended to be located at the periphery of a solid tumor cell nest. Salivary duct carcinomas were frequently immunoreactive for cytokeratin (AE1/AE3, CAM 5.2), gross cystic disease fluid protein-15 (Fig.  3B) , and carcinoembryonic antigen, whereas adenoid cystic carcinoma and myoepithelial carcinoma were negative for the latter two antigens. ␣-SMA, vimentin, and S-100 protein were all positive in adenoid cystic carcinoma and myoepithelial carcinoma but negative in salivary duct carcinomas. In squamous cell carcinomas, tumor cells were negative for one of the two cytokeratin antibodies (CAM 5.2) in two of three cases. c-erbB2 was positive in two cases; one case showed immunoreactivity in both carcinoma components (Case 6) and the other in only one component (Case 9). Five cases were positive for epidermal growth factor receptor, including four cases with positivity in both carcinoma components. p53 was positive in one of the two carcinoma components (Fig. 3C ) in four cases. In five cases, the Ki-67 LI apparently differed between the two carcinoma components (Fig. 3D) .
Electron microscopic examination in Case 9 revealed that the salivary duct carcinoma component had glandular structures with many microvilli projecting into the lumen (Fig. 4A) . In the squamous cell carcinoma, tumor cells contained abundant 
TABLE 4. Results of Immunohistochemical Staining in Hybrid Carcinomas
AE1/AE3, cytokeratin (AE1/AE3); CAM 5.2, cytokeratin (CAM 5.2); SMA: ␣-smooth muscle actin; S-100, S-100 protein; Vim, vimentin; GCDFP-15, gross cystic disease fluid protein-15; CEA, carcinoembryonic antigen; EGFR, epidermal growth factor receptor; EMC, epithelial-myoepithelial carcinoma; ND, not done; BCAC, basal cell adenocarcinoma; SCC, squamous cell carcinoma; AdCC, adenoid cystic carcinoma; SDC, salivary duct carcinoma; MC, myoepithelial carcinoma; ACC, acinic cell carcinoma. tonofilament bundles and were connected by many desmosomes (Fig. 4B) .
p53 gene alteration analysis was performed in Cases 5, 6, 8, and 9, which presented diffusely positive p53 immunoreactivity ( Table 5 ). All of these cases had LOH at p53 microsatellite loci (TP53 and VNTR in p53 intron 1), which was detected only in the p53-immunoreactive carcinoma component. For the analysis of p53 mutations, we amplified and sequenced four highly conserved gene regions, corresponding to exons 5 through 8. Three cases demonstrated point mutations confined to one of the two carcinoma components: CGG (Arg) to GGG (Gly) transition at codon 282 on exon 8 in Case 5 (Fig. 5) , GGC (Gly) to AGC (Ser) transition at codon 245 on exon 7 in Case 6, and CGA (Arg) to GGA (Gly) transition at codon 196 on exon 6 in Case 9. No p53 mutations were found in Case 8.
DISCUSSION
Hybrid carcinomas of the salivary gland are rare (1) and, to our knowledge, only 14 such cases have been reported, as presented in Table 6 (1-10). Various carcinoma combinations have been described in hybrid carcinomas; salivary duct carcinoma, epithelial-myoepithelial carcinoma, and adenoid cystic carcinoma are frequently involved, as in our series (Tables 3 and 6) (1-10) . Although little prognostic information is available, several investigators have suggested that the aggressiveness of hybrid carcinomas is determined by the histologically higher grade component (1, 5, 7, 8, 10) . In 2 of the 3 cases with cervical nodal metastasis in our series, only one component of the hybrid carcinoma metastasized to the neck lymph nodes. It would appear that management of hybrid carcinomas should be targeted at the higher grade tumor component, but this issue requires further confirmation in much larger series with longer follow-up.
The concept of hybrid carcinoma is subject to some confusion, and careful diagnosis is required. Several salivary gland tumor entities that exhibit two or more different morphologies should be ruled out before a diagnosis of hybrid carcinoma is made (1, 12) . These entities include collision tumors (1, 12) , synchronous and multiple tumors (13) , carcinomas with metaplastic change (14 -16), dedifferentiated carcinomas (17) (18) (19) , sarcomatoid salivary duct carcinoma (20) , adenosquamous carcinoma (21, 22) , and malignant mixed tumors (22) . All of our cases were defined as hybrid carcinomas because there were two distinct and separable carcinomas in the same topographic area, producing a single tumor mass. The presence of a transitional zone between the two carcinoma components, suggesting their identical origin, differentiates our cases from collision tumors, which are a meeting of two carcinomas arising from independent topographical sites (1, 12) , and from synchronous and multiple tumors (13) . It has been reported that epithelial-myoepithelial carcinoma (14, 15) and salivary duct carcinoma (3, 16) may exhibit focal squamous metaplasia. Obviously, such carcinomas with metaplastic change should not be considered to contain two different carcinoma types. Some salivary gland carcinomas, such as acinic cell carcinoma (17), adenoid cystic carcinoma (18), and epi- thelial-myoepithelial carcinoma (19) , may rarely contain a dedifferentiated carcinoma component with aggressive growth. In contrast to the dedifferentiated element, which may be either undifferentiated carcinoma or poorly differentiated adenocarcinoma, hybrid carcinomas are composed of two forms of carcinoma that fall into exactly defined tumor categories. Sarcomatoid salivary duct carcinoma is a composite of common-type salivary duct carcinoma and sarcomatoid carcinoma without any noticeable squamous differentiation, a feature differing from that seen in our Cases 8 and 9 (20) . Adenosquamous carcinoma should also be differentiated from our Cases 8 and 9. The adenocarcinomatous element in our cases showed certain features specific for salivary duct carcinoma, such as proliferation of pleomorphic carcinoma cells with eosinophilic cytoplasm and prominent nucleoli, exhibiting cribriform and solid growth patterns accompanied by comedo necrosis. In any case, the occurrence of adenosquamous carcinoma in the salivary or lacrimal gland is still a matter of controversy (21, 22) . Malignant mixed tumors include three distinct pathologic entities: carcinoma ex mixed tumor, carcinosarcoma, and metastasizing mixed tumor (22) . Unlike the malignant mixed tumors, hybrid carcinomas are composed of two different malignant epithelial tumor elements.
Some controversial issues regarding the criteria for hybrid carcinomas have been raised. Because shared foci of phenotypic differentiation may be seen within salivary tumors, Gnepp et al. (23) proposed that in hybrid carcinomas, each element would differentiate toward distinctly different salivary elements: for example, excretory duct versus acini or excretory duct versus intercalated duct. Grenko et al. (24) have described three adenoid cystic carcinomas and two epithelial-myoepithelial carcinomas that focally shared both histological features. They suggested that these two entities shared common differentiation pathways and did not categorize these examples as hybrid carcinomas. Additionally, they stated that only two tumor types, adenosquamous carcinoma and carcinosarcoma, should be included when classifying salivary gland tumors as hybrid carcinomas. On the other hand, Seifert and Donath (1) and Croitoru et al. (7) did not limit the cellular phenotypes constituting hybrid tumors. Chetty (25) suggested that completely divergent differentiation may lead to the appearance of two distinct tumor entities (hybrid tumors), whereas incomplete divergence may lead to tumors harboring overlapping histological features. Our Cases 1 and 2, which were composed of epithelial-myoepithelial carcinoma and basal cell adenocarcinoma, are the most open to discussion concerning their classification, because both of these two carcinoma components had similar cellular composition (ductal and myoepithelial cells) as revealed by immunohistochemical examination. In these cases, however, each carcinoma component occupied Ն30% of the tumor mass and could be separated from the other component. Moreover, cell proliferative activity was distinctly different between the two components. These two cases should thus be considered as hybrid carcinomas.
In this study, the cellular composition of the two tumor entities in each of our cases of hybrid carcinoma was confirmed by using immunohistochemical stains and electron microscopic examination. 
IHC, immunohistochemistry; LOH, loss of heterozygosity; VNTR, variable tandem repeats in p53 intron 1; SDC, salivary duct carcinoma; AdCC, adenoid cystic carcinoma; MC, myoepithelial carcinoma; SCC, squamous cell carcinoma; ϩ, positive; Ϫ, negative. Epithelial-myoepithelial carcinoma (14), basal cell adenocarcinoma (26) , and adenoid cystic carcinoma (27) all exhibited bicellular differentiation into ductal cells and myoepithelial cells, but the distribution pattern of these cells in the tumor cell nests was somewhat different among the tumor types. Both salivary duct carcinoma (1, 16) and squamous cell carcinoma consisted of purely epithelial elements with different expression patterns of cytokeratin depending on the molecular weight, whereas myoepithelial carcinoma (28) showed myoepithelial phenotypes. The high expression of gross cystic disease fluid protein-15 and carcinoembryonic antigen is also compatible with salivary duct carcinoma (16) .
The development and progression of cancer are thought to be regulated by the expression of various oncogenes and tumor suppressor genes, and this has been demonstrated for salivary gland tumors (29 -33) . We examined the expression of oncogenes (c-erbB2 and EGFR), a tumor suppressor gene (p53), and a cell proliferation marker (Ki-67). Of these, significant findings were noted for the expression of p53 and Ki-67, which distinctively differed between the two carcinoma components in four and five cases, respectively. In these cases, aberrations of the p53 gene coincided with p53 protein overexpression were limited to the histologically higher grade component in each pair-salivary duct carcinoma but not adenoid cystic carcinoma or myoepithelial carcinoma, and squamous cell carcinoma but not salivary duct carcinoma. In salivary gland carcinomas, p53 protein overexpression and p53 gene mutations have been implicated in an tumor progression (5, 18, 33) . Therefore, there is the possibility that such molecular-genetic events take an integral part for inducing the transformation from histologically lower to higher grade tumor during the hybrid carcinoma genesis of the salivary glands.
